Background Children with cerebral palsy who can self-report have similar quality of life (QoL) to their able-bodied peers. Is this similarity also found in adolescence? We examined how self-reported QoL of adolescents with cerebral palsy varies with impairment and compares with the general population, and how factors in childhood predict adolescent QoL.
Introduction
WHO defi nes quality of life (QoL) as "the individual's perception of their position in life in the context of the culture and value system in which they live, and in relation to their goals, expectations, standards, and concerns". 1 Thus, QoL is subjective and should be self-reported whenever possible. Promotion of a good QoL is important for all but might be neglected in young people with disabilities due to an emphasis on trying to remedy their impairments. Young people with cerebral palsy are often studied as exemplars of children with disabilities because its severity, patterns of motor involvement, and associated impairments, such as communication, intellectual ability, and epilepsy, vary widely and persist across the life course. Prevalence of cerebral palsy has remained stable for the past 40 years at 2-3 per 1000 livebirths, 2 in countries where accurate data are available.
The European study SPARCLE showed that the QoL of children aged 8-12 years with cerebral palsy who could self-report was similar to that of children in the general population; it showed little variation with impairment on most domains, but pain was common and associated with low QoL on all domains. 3 A study in the USA reported similar fi ndings. 4 QoL of adolescents with cerebral palsy has been studied [5] [6] [7] [8] [9] [10] [11] but often with small sample sizes or an inappropriate method to capture QoL.
The SPARCLE study has also assessed QoL at age 13-17 years in the same young people who were visited at age 8-12 years. We report a cross-sectional analysis of the SPARCLE cohort that investigates how QoL of adolescents with cerebral palsy compares with that of adolescents in the general population and how it varies with type and severity of impairment. We also report a longitudinal analysis in which we assess childhood factors that are amenable to intervention and known to be associated with lower QoL in childhood: 3, 12 pain, psychological problems, and parenting stress. Our longitudinal analysis aims to assess whether QoL changes between childhood and adolescence, and whether QoL in adolescence is predicted by QoL in childhood, pain in childhood and adolescence, psychological problems and parenting stress in childhood, and their changes between childhood and adolescence.
Methods

Study design and participants
The methods of the SPARCLE study have been described in detail elsewhere [13] [14] [15] [16] and we summarise them here. We randomly sampled children born between July 31, 1991, and April 1, 1997 from population-based registers of children with cerebral palsy in eight European regions (tables 1, 2) that share a standardised defi nition of cerebral palsy. 17 743 (63%) of 1174 target families identifi ed from registers joined the study. We also included one other region (northwest Germany) that had 75 children with cerebral palsy ascertained from many sources (fi gure 1).
The 818 children who entered the study were interviewed in 2004-05, aged 8-12 years (SPARCLE1), and followed up in 2009-10, aged 13-17 years (SPARCLE2) when 594 (73%) joined the study. Predictors of those that dropped out or declined to participate have been reported. 14, 16 The 355 adolescents who were able to self-report their QoL in both SPARCLE1 and SPARCLE2 constitute the longit udinal sample (fi gure 1). The cross-sectional sample was composed of these 355 adolescents and an additional 34 adolescents who had self-reported their QoL in SPARCLE2 but not in SPARCLE1 and 42 adolescents who had not participated in but were eligible for SPARCLE1. We added this supplementary sample to maintain statistical power for cross-sectional analyses and follow-up to adulthood. We obtained ethical approval, or a statement that only registration was required, as appropriate to each country. We obtained signed consent from all parents and from young people. 
Procedures
Research associates, who had met in Newcastle for joint training in the study procedures, visited families in their homes to administer questionnaires to young people and their parents using the same questionnaires in childhood and adolescence. Young people reported their QoL with KIDSCREEN, a European questionnaire with strong psychometric properties, designed for children and adolescents. 11, 18, 19 It has 52 items that ask about QoL in the previous week across ten domains (table 3) . Items are scored on a 5-point scale and, within each domain, item scores are transformed to Rasch person parameters with an algorithm that gives young people in the reference population a mean score of 50 with an SD of 10, higher scores show better QoL. 18 One item on the Physical wellbeing domain was amended from "able to run well" to "able to get about easily" to make it more suitable for young people with cerebral palsy. Young people reported their frequency of pain during the previous week, which we classifi ed as no pain, one or two episodes of pain, or frequent pain.
Parents provided information about their child's impairments (walking ability as captured by the Gross Motor Function Classifi cation System [GMFCS], 20 fi ne motor function, 21 seizures, feeding, communication, and intellectual ability 22 ), family structure, and parents' educational qualifi cations. The type of cerebral palsy was available from the registers. Parents also completed the Strengths and Diffi culties Questionnaire (SDQ); we used the total diffi culties score (range 0-40; clinical problem >16; SD in general population 7) as a measure of the young person's psychological problems. 23 Parents completed the SDQ to ensure consistency between childhood and adolescence. We assessed parenting stress at both timepoints with the total stress score of the Parenting Stress Index Short Form (PSI) (range 40-140; clinical stress >90; SD in general population 15). 24 KIDSCREEN self-reported data from the general population were available from the developers of KIDSCREEN for 7539 adolescents of similar age in fi ve countries in the SPARCLE study: 18 France, Germany, Ireland, Sweden, and the UK. Similar data were also available for 933 adolescents aged 13-17 years in the general population in Denmark, collected during the course of SPARCLE2.
Statistical methods
We report the statistical methods in full in the appendix. We did analyses separately for each of the ten KIDSCREEN domains. We fi rst examined the psychometric properties of the self-reported KIDSCREEN scores in adolescents with cerebral palsy. We based subsequent analyses on ten imputed datasets with no missing values, generated by multiple imputation; 25 
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Results
Sociodemographic characteristics and impairments for the cross-sectional (n=431) and longitudinal (n=355) samples are shown in tables 1 and 2. Children assessed in SPARCLE1 had a mean age of 10·4 years and adolescents assessed in SPARCLE2 15·1 years. On average, levels of psychological diffi culties and parenting stress were similar in childhood and adolescence, but adolescents reported more frequent pain than did children. Spearman rank correlations [ρ] between gross motor function, bimanual fi ne motor function, feeding, IQ, and communication were signifi cant, ranging from 0·2 to 0·5, p<0·0001; in childhood and adolescence, SDQ and PSI scores were highly correlated (0·6, p<0·0001); pain and SDQ scores were very weakly correlated (0·11, p=0·04); pain and PSI scores were not signifi cantly correlated (0·09, p=0·08) (data not shown). Table 4 shows the basic psychometric properties of KIDSCREEN in 431 adolescents with cerebral palsy included in the cross-sectional sample, which were previously reported in children with cerebral palsy. 3 The Relationships with parents, Financial resources, and Social acceptance domains showed ceiling eff ects, with 19% (Relationships with parents), 27% (Financial resources), and 55% (Social acceptance) of adolescents having the maximum score. Cronbach's α values were between 0·70 and 0·90, as recommended. 27 Compared with matched adolescents in the general population, adolescents with cerebral palsy had better QoL in fi ve domains: Moods and emotions, Self-perception, Autonomy, Relationships with parents, and School life; conversely, they had worse QoL in the Social support domain (fi gure 2). Sensitivity analyses, which imputed missing KIDSCREEN scores for those who dropped out between childhood and adolescence, gave much the same results (data not shown).
We assessed variations in QoL by impairment type and severity for adolescents in the cross-sectional analysis. For fi ve domains (Psychological wellbeing, Self-perception, Relationships with parents, School life, and Financial resources) QoL was not signifi cantly associated with any type of impairment; for four domains (Moods and emotions, Autonomy, Social support and peers, and Social acceptance) it was signifi cantly associated (99% CI excluding zero, for one or more type of impairment); and for the Physical wellbeing domain, the association was of marginal signifi cance (95% CI excluding zero, for one or more type of impairment; table 5). Sensitivity analysis showed associations that were not as strong as those in table 5 and not signifi cant for the Physical wellbeing and Social acceptance domains (data not shown).
After controlling for walking ability, no other impairments were associated with QoL on the Autonomy domain. Likewise, after controlling for walking ability and IQ, no other impairments were associated with QoL on the Social support and peers domain. Hence, the robust associations were as follows: seizures in the previous year were associated with reduced QoL for Moods and emotions; impaired walking ability was associated with reduced Autonomy; impaired walking ability and IQ <70 were associated with reduced Social support and peers (fi nal models, table 5). Typically, these impairments were associated with an average reduction in QoL of between 3 and 5 points (ie, <0·5 SD of QoL in the reference population). For these domains, impairments, age, sex, and region together explained 10-12% of the variation in QoL (fi nal models, table 5). In a post hoc model omitting the adjusting variables, impairment alone explained up to 6% of the variation (data not shown).
More than 95% of 355 participants included in the longitudinal analysis reported at both timepoints on all domains, apart from fi nancial resources (table 6) . Changes at group level were small (<3 points), with QoL decreasing in all domains in fi ve domains (p<0·05), increasing in two domains, and not changing signifi cantly (p>0·05) in the remaining three domains. However, individual participants could have large changes in QoL; between 34% and 51% of participants, dependent on domain, showed changes that were more than 10 points (1 SD) in either direction (data not shown).
The β coeffi cients in table 7 show the change in adolescent QoL associated with a change of 1 point in the continuous covariates, but here we give examples of typical changes in QoL associated with a change of 1 SD in these covariates, which might be more clinically relevant. For clarity in table 7 we present β coeffi cients to one decimal place but the calculations below are based on the values to two decimal places.
Childhood QoL was a signifi cant predictor of adolescent QoL in all domains apart from Financial resources (baseline models, In the reference population, each domain score has a mean of 50 with an SD of 10. 18 Cronbach's α is a measure of the reliability of the scores. 27 Floor=percentage of scores with the minimum values. Ceiling=percentage of scores with the maximum values. 
III Walks with assistive devices for Self-perception, in which an increase of 10 points (1 SD) in the QoL score in childhood was associated with an increase in adolescent QoL of 2·8 points (95% CI 1·7-4·0). Adolescents who reported pain in childhood or in adolescence had lower QoL than did other adolescents in all domains apart from Social support and peers and Financial resources (pain models, table 7); this diff erence was strongest for the Physical wellbeing domain, where the average QoL of adolescents who reported pain more than twice a week was 6·3 points (95% CI 3·8-9·0) lower than that of those who reported no pain. Pain in childhood was an independent predictor of lower QoL in adolescence in three domains: Psychological wellbeing, Moods and emotions, and Relationships with parents.
Adolescents in families with high parenting stress scores in their childhood had signifi cantly lower QoL than other adolescents in fi ve domains, although the eff ects were small (PSI models, table 7). For example, for the Autonomy domain an increase of 15 points (1 SD) in the PSI score in childhood was associated with a decrease in adolescent QoL of 1·3 points (95% CI 0·5-2·1). Worsening of parenting stress between childhood and adolescence predicted a small but signifi cant decrease in adolescent QoL in all domains apart from Self-perception and Financial resources.
Adolescents who had psychological diffi culties in childhood had lower QoL than did other adolescents in all domains apart from Self-perception and Relation ships with parents, although the eff ects were small (SDQ models, table 7); for example, for the Social support and peers domain an increase of 7 points (1 SD) in the SDQ score in childhood was associated with a decrease in adolescent QoL of 2·3 points (95% CI 0·5-4·2). Worsening of psychological diffi culties between childhood and adolescence predicted similar reductions in adolescent QoL for six domains (95% CI excluding zero).
In the models combining the postulated predictors of QoL, pain, especially in adolescence, remained a signifi cant predictor of adolescent QoL in all domains apart from Autonomy, Social support and peers, and Financial resources (combined models, table 7). After controlling for pain, PSI was signifi cant on only one domain, Autonomy, and SDQ did not reach signifi cance on any domain. Change in PSI was signifi cant on the domains of Physical wellbeing, Psychological wellbeing, and Autonomy; change in SDQ on the domains of Moods and emotions, Social support and peers, and Social acceptance. Depending on domain, the models explained between 9% and 28% (R²) of the variation in adolescent QoL.
Sensitivity analysis, imputing missing KIDSCREEN scores for participants who self-reported on only one occasion, gave β coeffi cients and R² that were Once or twice -0·7 (-3·1 to 1·7) (Table 7 continues on next page) generally smaller than those from the primary analysis (data not shown). Complete case analyses gave much the same results to those in table 7, although with slightly increased β coeffi cients (data not shown).
Discussion
We report the QoL of a large, representative sample of adolescents with cerebral palsy who could self-report. Our results are encouraging. On only one domain, Social support and peers, was the average QoL of these adolescents signifi cantly lower than that of their able-bodied peers-by 2·7 points or about 0·25 SD. Furthermore, severe impairment was associated with low QoL on only three domains: active seizures with Moods and emotions, and a number of correlated impairments with Autonomy and Social support and peers. Average diff erences between the least and most able groups were generally less than 0·5 SD. Our study excluded individuals who could not self-report due to severe learning diffi culties; these young people have a higher prevalence than self-reporting adolescents of severe impairments and thus the pattern of proxy-reported QoL for this group might be diff erent. We will analyse proxy measures of their QoL in a future report.
To our knowledge, our longitudinal study is the fi rst to track QoL of young people with cerebral palsy from childhood to adolescence (panel). We noted that adolescent QoL had strong associations with pain but only slight associations with child QoL, parenting stress, and child psychological problems. Compared with adolescents without pain, the QoL of those with frequent pain was up to 6 points lower, dependent on domain. If QoL, PSI, and SDQ in childhood were 1 SD worse (equating to a 10 point decrease in QoL, a 15 point decrease in PSI, and a 7 point decrease in SDQ scores), the predicted average adolescent QoL would be lower by 1-3 points for QoL, 0-1·3 points for PSI, and 0-2·3 points for SDQ, dependent on domain assessed. Worsening of SDQ between childhood and adolescence by 7 points predicted a 1-3 point reduction in adolescent QoL.
Similar to their counterparts in the general population, some adolescents with cerebral palsy have low QoL and parents, clinicians, and carers need to understand how to help such individuals and, if possible, prevent the emergence of low QoL. Our longitudinal study provided some suggestions. The modifi able factors-pain, parenting stress, and psychological problems-are more prevalent in children with cerebral palsy than in the Once or twice -0·6 (-3·1 to 1·8)
Once or twice -1·8 (-4·2 to 0·6) Data are β coefficient (95% CI) unless otherwise stated. β coeffi cients for continuous covariates (QoL in childhood, SDQ, and PSI scores, changes in SDQ and PSI scores) show the average change in QoL in adolescence associated with a change of 1 point in the covariate. β coeffi cients for categorical covariates (pain) show the estimated average diff erence in QoL between the relevant category and the reference category. All regression models were adjusted for region, age, sex, and impairments that were signifi cant in cross-sectional analyses. Changes in PSI and SDQ were calculated as adolescent scores minus childhood scores. CIs were calculated by bootstrapping. Statistical signifi cance: *99% CI excluding zero; †95% CI excluding zero. general population, [35] [36] [37] [38] so whether their associations with adolescent QoL are causal needs to be assessed. Intervention studies, ideally randomised clinical trials, would provide the best evidence about causality. However, a recent systematic review of clinical trials 39 to improve QoL in children and adolescents with cerebral palsy did not fi nd any trials that addressed pain, psychological problems, and parenting stress. We noted the magnitude of the association between adolescent QoL and adolescent pain was large, providing support for a causal interpretation. 40 However, the magnitude of the associations with childhood QoL, PSI, and SDQ were slight. The longitudinal nature of our study provides support for a causal interpretation of these associations, as does the plausibility of the associations and their consistency across most domains. 40 Therefore, clinicians should intervene early in childhood to ameliorate extremes of pain, psychological problems, and parenting stress, for which eff ective interventions are available. [41] [42] [43] [44] [45] Such interventions would be valuable not only for their intrinsic worth but also for their potential to aff ect both adolescent QoL and contemporaneous QoL. 3, 12 Pain in particular has a pervasive association with QoL in both childhood and adolescence and needs to be asked about and dealt with in clinical consultations. 46, 47 We were concerned to note a reduction in QoL on the domain of Social support and peers in our cohort, especially in more severely impaired adolescents, because this fi nding was not apparent in the same children in SPARCLE1. 3 Therefore, attention should be directed to helping children with cerebral palsy, especially those who are more severely impaired, to maintain friendships with peers, to develop new friendships as they move into adolescence, and to participate fully in society. The association between seizures and low moods and emotions emphasises the importance of striving to control seizures.
It might appear inconsistent that lower adolescent QoL is associated with factors such as pain or psychological problems, which are more prevalent in young people with cerebral palsy, [35] [36] [37] [38] whereas our cross-sectional comparison showed that adolescents with cerebral palsy had higher QoL on fi ve domains than did adolescents in the general population. This fi nding could be an artifact due to systematic bias because the adolescents with cerebral palsy and their able-bodied peers were selected in diff erent ways. Alternatively, QoL could be determined by diff erent factors in adolescents with and without cerebral palsy. Nonetheless, we conclude that the QoL of adolescents with cerebral palsy is not lower than that of adolescents in the general population (apart from in the domain of Social support and peers). Although we reported that children with cerebral palsy had similar QoL to children in the general population, 3 we did not know if adolescence (which is a challenging time) might lead to unhappiness if the individual also had cerebral palsy; so this fi nding is encouraging. However, an equally important outcome, although not the subject of this report, is participation or involvement in life situations (ranging from leisure pursuits to education and social roles), 48 which is strikingly reduced in those with cerebral palsy, both in childhood 49, 50 and adolescence. [51] [52] [53] [54] Our study provides some of the most reliable evidence on how adolescents with cerebral palsy feel about life (panel). 34 The main concern about the validity of our study is diff erential non-response. We tried to minimise its possible eff ects in three ways. First, we used multiple imputation to impute missing values for all individuals who self-reported QoL in SPARCLE2; this technique can help to reduce bias and increase precision when data are missing. 55 Second, because non-response by families targeted for recruitment to SPARCLE1 was 37%, 14 we adjusted for region and walking ability, which were predictors of non-response. 56 Third, because 25% of children who self-reported QoL in SPARCLE1 dropped out in SPARCLE2, and non-response in the SPARCLE2 supplementary sample was high (76%), 16 we did a sensitivity analysis that included all children who self-reported in either SPARCLE1 or SPARCLE2, imputing missing KIDSCREEN scores, and excluded the supplementary sample. The sensitivity analysis yielded
Panel: Research in context
Systematic review
We searched PubMed and Web of Science with the search terms "cerebral" AND "palsy" AND "quality" AND "life", to identify reports published since Jan 1, 1990. We also undertook hand searches of references in identifi ed reports. Confl icting results have been reported from cross-sectional studies of adolescents with cerebral palsy about variation of QoL with impairment 6, 8, 9 and comparison with the general population. 5, 10 These inconsistencies are probably because of small sample sizes; 5, 6, [8] [9] [10] combination of self-reports and proxy reports, 8 inclusion of diff erent age groups; and inappropriate choice of methods to capture QoL. 6, 9, 10, 29 We identifi ed very few longitudinal studies, and all were short (1-3 years [30] [31] [32] [33] ), had small samples (<200 individuals), and measured function rather than subjective wellbeing (eg, Health Utilities Index, 30 Child Health Questionnaire, 31, 32 or TACQOL 33 ). As we noted, the authors of these reports noted stability of QoL at the group level. Only one study examined individual variation 30 fi nding substantial diff erences between individuals in how their QoL changed over time, especially in relation to emotion and pain. In the only longitudinal study 33 that examined predictors of adolescent QoL, mental health problems predicted lower social functioning and mood, consistent with our fi ndings.
Interpretation
We believe our study provides the most robust evidence about how young people with cerebral palsy feel about life because of its large sample size, random selection of the sample from population-based registers, capture of a view of QoL related to subjective wellbeing reported by the child or young person, rather than a health-related view that captures function and perceived eff ect of cerebral palsy, and use of a validated European questionnaire whose psychometric properties are similar in children with cerebral palsy and the general population. 34 Individual and societal attitudes should be aff ected by the similarity of the QoL of adolescents with and without cerebral palsy. Only the quality of peer relationships is on average lower in the adolescents with cerebral palsy than adolescents in the general population, and therefore such adolescents need particular help to maintain and develop peer relationships. Interventions in childhood to alleviate psychological diffi culties, parenting stress, and especially pain, are justifi ed for their intrinsic value and for their long-term eff ect on adolescent QoL. similar results to the primary analysis. Nevertheless, fi ndings for the Financial resources domain should be interpreted with caution because of the extent of missing data and the ceiling eff ect in this domain.
We also tried to ensure that any deviations of KIDSCREEN scores from normality did not aff ect our analyses, fi rst by use of non-parametric methods for the comparison between adolescents with cerebral palsy and adolescents in the general population and, second, by use of bootstrapping (a technique that does not assume normality) to estimate the CIs in our regression models.
To restrict the possibility that some results might appear signifi cant by chance, we examined 99% and 95% CIs, and in our interpretation we took into account the fi ndings of sensitivity analyses that generated fewer signifi cant results.
The diff erences between individuals with cerebral palsy and those in the general population could be due to factors other than the presence or absence of cerebral palsy. Adolescents with cerebral palsy were selected from specifi c regions within each country, whereas the adolescents in the general population were selected from the country as a whole. The two samples completed the questionnaires at diff erent times, individuals with cerebral palsy in 2009-10 and those in the general population in 2003. 18 The two samples were selected in diff erent ways, individuals with cerebral palsy from population-based registers and those in the general population from representative schools in Sweden, the UK, and Denmark, and through computer-assisted telephone interviews in France and Germany. 18 Trials are needed to address factors such as pain, psychological problems, and parenting stress in which QoL is a primary or secondary outcome and follow-up is for years rather than months. Qualitative research is needed to understand better why peer relationships seem to worsen for many young people with cerebral palsy between childhood and adolescence. Continuing the SPARCLE study into young adulthood would reveal if this worsening persists. Finally, new longitudinal studies are needed to investigate other factors that might explain the variance in QoL such as personality traits, participation, or parenting styles.
Individual and societal attitudes should be aff ected by the similarity we identifi ed in the QoL of adolescents with and without cerebral palsy, although young people with cerebral palsy need particular help with maintaining and developing peer relationships. Although the rights of people with disabilities to participate in society are recognised and being implemented in many countries, adolescents with disabilities might still be regarded as having unhappy, unfulfi lled lives. Findings from qualitative studies, [57] [58] [59] which challenge such a view, are now supported by our large epidemiological study. For children with below average QoL, early interventions to ameliorate high levels of psychological problems, parenting stress, and especially child pain, will probably have long-term benefi ts across many domains of the young person's life.
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